Dalmasso C, Maranon R, Patil C, Moulana M, Romero DG, Reckelhoff JF. 20-HETE and CYP4A2 -hydroxylase contribute to the elevated blood pressure in hyperandrogenemic female rats. Am J Physiol Renal Physiol 311: F71-F77, 2016. First published May 18, 2016 doi:10.1152/ajprenal.00458.2015.-In male rats, androgen supplements increase 20-hydroxyeicosatetraenoic acid (20-HETE) via cytochrome P-450 (CYP)4A -hydroxylase and cause an increase in blood pressure (BP). In the present study, we determined the roles of 20-HETE and CYP4A2 on the elevated BP in hyperandrogenemic female rats. Chronic dihydrotestosterone (DHT) increased mean arterial pressure (MAP) in female Sprague-Dawley rats (96 Ϯ 2 vs. 108 Ϯ 2 mmHg, P Ͻ 0.05) and was associated with increased renal microvascular CYP4A2 mRNA expression (15-fold), endogenous renal 20-HETE (5-fold), and -hydroxylase activity (3-fold). Chronic DHT also increased MAP in low salt-fed Dahl saltresistant female rats (81 Ϯ 4 vs. 95 Ϯ 1 mmHg, P Ͻ 0.05) but had no effect on MAP in Dahl salt-sensitive female rats (154 Ϯ 3 vs. 153 Ϯ 3 mmHg), which are known to be 20-HETE deficient. To test the role of CYP4A2, female CYP4A2 Ϫ/Ϫ and SS.5 Bn (wild type) rats were treated with DHT. DHT increased MAP in SS.5
female rats (118 Ϯ 1 vs. 120 Ϯ 1 mmHg). Renal microvascular 20-HETE was reduced in control CYP4A2
Ϫ/Ϫ female rats and was increased with DHT in SS. 5 Bn female rats (6-fold) but not CYP4A2 Ϫ/Ϫ female rats. -Hydroxylase activity was 40% lower in control CYP4A2
Ϫ/Ϫ female rats than in SS.5 Bn female rats, and DHT decreased -hydroxylase activity in SS. 5 Bn female rats (by 50%) but significantly increased -hydroxylase activity in CYP4A2 Ϫ/Ϫ female rats (3-fold) . These data suggest that 20-HETE via CYP4A2 contributes to the elevation in BP in hyperandrogenemic female rats. The data also suggest that 20-HETE synthesis inhibition may be effective in treating the elevated BP in women with hyperandrogenemia, such as women with polycystic ovary syndrome. polycystic ovary syndrome; dihydrotestosterone; Dahl salt-sensitive rats; CYP4A2 Ϫ/Ϫ rats; cytochrome P-450; 20-hydroxyeicosatetraenoic acid WOMEN who exhibit elevated levels of circulating androgens are at greater risk for hypertension and cardiovascular disease (19) . Hyperandrogenemia is a major diagnostic characteristic of women with polycystic ovary syndrome (PCOS), the most common endocrine disorder affecting 6 -10% of women during their reproductive life (3, 19) . Furthermore, postmenopausal women often exhibit increases in circulating androgens as well. Shaw et al. (24) reported that postmenopausal women who had a history of irregular menses and elevated androgen levels were at greater risk for hypertension and coronary artery disease than women who did not have elevated androgens. Daan and colleagues (2) compared the free androgen index in cohorts of women with PCOS, premature ovarian insufficiency, natural menopause, and regular menstrual cycling and reported that women who had an increased free androgen index, irrespective of ovarian function or dysfunction, had a higher incidence of hypertension and metabolic disorders and an increased risk for developing cardiovascular disease. The mechanisms by which androgens modulate blood pressure (BP) control in women are unknown.
Several investigators have shown that renal cytochrome P-450 (CYP)4A -hydroxylase expression and 20-hydroxyeicosatetraenoic acid (20-HETE) synthesis are increased in male rats and mice given androgen supplements (9, 18, 25, 26, 27, 32) . 20-HETE is a metabolite of arachidonic acid produced by -hydroxylases, mainly of the CYP4A and CYP4F families (8, 10, 21, 32) , and plays a role in renal function, vascular tone, and BP regulation (5, 15, 17, 30) . In the kidneys, 20-HETE can have a dual effect on BP regulation depending on the location of its synthesis: antihypertensive in renal tubules, where 20-HETE blocks Na ϩ reabsorption, and prohypertensive in the renal microvasculature, where 20-HETE is a vasoconstrictor (30, 32) . Upregulation of 20-HETE synthesis by androgen supplements in males causes an increase in BP (25, 26, 32) . Whether androgens increase 20-HETE synthesis in the kidneys of females and, if so, whether the increase in 20-HETE is proor antihypertensive are unknown.
We have recently characterized a rat model that mimics many of the characteristics of women with chronic hyperandrogenemia, including an increase in BP (34) . Female SpragueDawley (SD) rats are treated with low doses of dihydrotestosterone (DHT), which increases circulating DHT levels by approximately threefold (34) . These female rats develop hyperphagia, increases in body weight, insulin resistance, metabolism disorders, and inflammation and exhibit an increase of 10 -15 mmHg in mean arterial pressure (MAP) (34) , many characteristics that occur with elevated androgens in women with PCOS (3, 19) .
In the present study, the hypothesis was tested that chronic androgen supplements in female rats cause an increase in BP in part by increasing synthesis of renal microvascular 20-HETE and that this is mediated by an increase in CYP4A -hydroxylase expression, in particular the CYP4A2 isoform. To test this hypothesis, we tested whether 20-HETE levels and -hydroxylase activity are increased in the renal microvasculature of SD female rats treated with DHT, our standard model of hyperandrogenemia (34) . We also determined the effect of androgen supplements on renal microvascular mRNA expression of CYP4A -hydroxylase isoforms known to be present in the kidney (CYP4A1, CYP4A2, CYP4A3, and CYP4A8) (20, 21) . Based on these data, which supported a role for 20-HETE mediated by microvascular CYP4A2 in the increase in BP with DHT supplements, we created the hyperandrogenemic model first in female rats with 20-HETE deficiency [Dahl salt-sensitive (SS) rats] and compared the response to hyperandrogenemia in Dahl salt-resistant (SR) control rats with normal 20-HETE synthesis (6, 14) . Then, to determine the specific contribution of CYP4A2 -hydroxylase in the pressor response to hyperandrogenemia, we used female rats of the CYP4A2 Ϫ/Ϫ rat strain that was developed at the Medical College of Wisconsin using zinc finger nuclease technology (7, 16, 16a ) and compared the response to hyperandrogenemia in SS.5 BN consomic strain female rats (wild type). SS.5
Bn rats were produced at the Medical College of Wisconsin by transferring chromosome 5 carrying CYP4A genes from Brown Norway rats onto the Daht SS genetic background, increasing the renal expression of CYP4A and thus 20-HETE production by approximately fourfold compared with Dahl SS rats (5, 12, 19, 27, 29) . The CYP4A2 Ϫ/Ϫ strain was developed on the SS.5 Bn background.
MATERIALS AND METHODS
Animal models. SD, Dahl SS, and Dahl SR female rats were obtained from the vendor (Harlan Laboratories, Indianapolis, IN) at 3 wk of age. SS.5
Bn rats were produced at the Medical College of Wisconsin by transferring chromosome 5 carrying CYP4A genes from Brown Norway rats onto the DS genetic background, increasing the renal expression of CYP4A and thus 20-HETE production in male rats by approximagely fourfold compared with Dahl SS rats (5, 12, 16, 16a, 19, 27, 29) . The CYP4A2 Ϫ/Ϫ strain was developed on the SS.5
Bn background. SS.5 BN consomic rats (wild type) and homozygous CYP4A2 Ϫ/Ϫ rat breeder pairs were obtained from Dr. Richard Roman (University of Mississippi Medical Center). SD rats were maintained on normal salt rodent chow (0.8% NaCl, Teklad, Harlan Laboratories), and Dahl SS, Dahl SR, CYP4A2 Ϫ/Ϫ , and SS.5 Bn rats were maintained on a low-salt diet (0.3% NaCl, Teklad 7034) and tap water in a temperature-controlled room with 12:12-h light-dark cycle. Rats were used at ϳ16 wk of age. All protocols were reviewed and approved by the Institutional Animal Care and Use Committee of the University of Mississippi Medical Center, and experiments were performed in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (8th ed.).
Experimental design. In experiment 1, control and DHT-treated SD female rats were compared. In experiment 2, control and DHT-treated Dahl SR and SS female rats were compared. In experiment 3, control and DHT-treated SS.5 BN and CYP4A2 Ϫ/Ϫ female rats were compared.
DHT treatment. At 4 wk of age, all animals were divided into groups that received either DHT pellets (7.5 mg/90 days, daily dose: 83 g, Innovative Research, Sarasota, FL) or placebo pellets (Innovative Research) implanted subcutaneously on the back of the neck, as we have previously described (34) .
Measurement of plasma steroids. Plasma DHT and 17␤-estradiol were measured in all rats using commercially available radioimmunoassay kits (DHT: DSL 9600 Active Free DHT RIA kit and DSL 4800 17␤-estradiol: DSL 4800 Ultrasensitive Estradiol RIA kit, all from Diagnostic Systems Laboratories, now Beckman Coulter, Indianapolis, IN), as previously described (34) . All measurements are presented as picograms per millilter.
Measurement of MAP. At 14 wk of age, under gas anesthesia with isofluorane (Mallinckrodt Veterinary, Hazelwood, CA) and with aseptic techniques, control (n ϭ 6 -8 rats/group of each strain) and DHT-treated (n ϭ 6 -8 rats/group of each strain) female rats were implanted with radiotelemetry transmitters (TA11PA-C40, Data Sciences, St. Paul, MN) into the abdominal aorta below the renal arteries, as previously described (22, 33, 34) . Rats were placed into individual cages above a receiver (RLA-3000) and allowed 2 wk of recovery. MAP was obtained during a 10-s sampling period (500 Hz) and recorded and averaged every 5 min for 24 h/day for 5 consecutive days. Data are presented as mmHg and were averaged over 5 days for each group of rats.
Measurement of endogenous 20-HETE in cerebral and renal microvessels. Endogenous 20-HETE and -hydroxylase activity in cerebral and renal microvessels were measured in additional control and DHT-treated SD, SS.5
Bn , and CYP4A2 Ϫ/Ϫ female rats (n ϭ 3-6 rats/group) using HPLC-mass spectroscopy in the University of Mississippi Medical Center LC/MS Core under the direction of Dr. Richard Roman, as we have previously described (33) . Briefly, cerebral (used as control measurements) and renal microvessels were isolated using 1.5% Evans blue and standard sieving techniques. After isolation, vessels were homogenized, and samples were extracted twice with 3 ml ethyl acetate. After extraction, the organic layer was dried using nitrogen. Samples were reconstituted in acetonitrile and analyzed using LC/MS/MS using an AB Sciex 4000 Q TRAP system (Framingham, MA). Data were averaged for each group of rats and are presented as picomoles of endogenous 20-HETE per milligram of renal microvascular protein or -hydroxylase activity as picomoles of 20-HETE produced per minute per milligram of protein.
Real time RT-PCR for CYP4A isoforms in renal microvessels of SD female rats. CYP4A1, CYP4A2, CYP4A3, and CYP4A8 isoform expressions from renal microvessels were measured in control or DHT-treated SD female rats (n ϭ 6 rats/group) using primers and methods previously described by us (33) . Renal microvessel mRNA was extracted with TRIzol reagent (Molecular Research Center, Cincinnati, OH), resuspended in diethylpyrocarbonate-H 2O, DNase treated with a DNA-free kit (Ambion, Austin, TX), and quantified by spectrophotometry. Five micrograms of RNA were reverse transcribed with 0.5 g T12VN primer and Superscript III (Invitrogen, Carlsbad, CA) in a final volume of 20 l. The reaction was performed for 60 min at 50°C and terminated by an incubation at 75°C for 15 min. Elongation factor I (EF-1) primers were used as controls. Real-time RT-PCRs contained 1 l reverse transcription product, 0.1 M of each primer, 0.2 mM dNTPs, SYBR green I (1:20,000 final concentration, Molecular Probes, Eugene, OR), and 1 l Titanium Taq DNA polymerase (Clontech, Palo Alto, CA). Amplifications were performed in an iCycler real-time thermal cycler (Bio-Rad). Cycling conditions were 1 min at 95°C followed by 50 cycles of 15 s at 95°C, 15 s at 60.0°C, and 60 s at 72°C. Fluorescence data were collected during the elongation step. After PCR amplification, the specificity of the PCR was confirmed by melting temperature determination of the PCR products and electrophoretic analysis in 2% agarose gels. Standard curves were made with serial dilutions of pooled reverse transcription samples. Results are expressed as arbitrary units and were standardized against EF-1 mRNA expression. Data were averaged for each group of rats and are presented as arbitrary units (CYP4A "X"/EF-1).
Statistical analyses. Statistical analyses were performed with SigmaPlot (version 11, Systat Software, San Jose, CA). Body weights in control and DHT-treated female rats as well as plasma steroid measurements were analyzed using one-Way ANOVA followed by a Tukey honestly significant different post hoc test. MAP, real time RT-PCR, 20-HETE, and -hydroylase activity changes in SD female rats were analyzed by a Student's t-test. 20-HETE and -hydroxylase activity in SS.5
Bn and CYP4A2 Ϫ/Ϫ female rats were compared by two-Way ANOVA followed by a Tukey honestly significant different post hoc test. MAP changes between the two factors (strain factor: Dahl SS vs. Dahl SR and SS.5 BN vs. CYP4A2 Ϫ/Ϫ and treatment factor: placebo vs. DHT) were analyzed using two-way ANOVA followed by a Tukey honestly significant different post hoc test. Table 1 , plasma DHT levels were increased by threefold in DHT-supplemented SD female rats and estradiol levels were not different in DHT-treated rats compared with control rats. DHT is not aromatizable, and thus the increase in estradiol is independent of the DHT supplements. DHT also increased body weight in SD female rats by 25% by 16 wk of age. As shown in Fig. 1 , DHT increased MAP in 16-wk-old SD female rats by ϳ12 mmHg compared with control rats.
RESULTS

Experiment 1: SD female rats. As shown in
To determine if chronic DHT supplementation in SD female rats affected 20-HETE synthesis, endogenous 20-HETE and -hydroxylase activity were measured in cerebral microvessels (as a control) and renal microvessels, as shown in Table 2 . DHT increased 20-HETE levels in renal microvessels but not in cerebral vessels. In contrast, hyperandrogenemic SD female rats had 20-HETE levels below detection in renal microsomal fraction, an indication of renal tubular 20-HETE levels. DHT also increased -hydroxylase activity in renal microvessels but not in cerebral microvessels. In renal microsomes, DHT reduced -hydroxylase activity.
As shown in Fig. 2 , real time RT-PCR showed that DHT had no effect on renal microvascular expression of CYP4A1, reduced expression of CYP4A8, slightly increased expression of CYP4A3, but significantly increased expression of CYP4A2 -hydroxylase by ϳ15-fold.
Experiment 2: Dahl SR versus Dahl SS female rats. Based on the experiments in SD female rats, we determined the effect of DHT supplements in 20-HETE-sufficient Dahl SR rats and 20-HETE-deficient Dahl SS rats. As shown in Table 3 , DHT levels were similar in control Dahl SR and SS female rats and were increased with DHT to similar levels (ϳ10-fold in both Dahl SS and SR rats). Plasma estradiol was ϳ2.5-fold higher in Dahl SS compared with control Dahl SR female rats and was reduced with DHT treatment in both Dahl SR and SS female rats to similar levels. As also shown in Table 3 , body weight was greater in control Dahl SS female rats than control Dahl SR female rats and was increased with DHT supplements by ϳ25% in both groups.
As shown in Fig. 3 , despite being maintained on a low-salt diet, MAP was significantly higher in control Dahl SS female rats than control Dahl SR female rats. DHT supplements increased MAP in Dahl SR female rats by ϳ20% but had no effect on MAP in Dahl SS female rats.
Experiment 3: SS.5Bn and CYP4A2 Ϫ/Ϫ female rats. Because we found that there was a 15-fold increase in CYP4A2 expression in renal microvessels of female rats supplemented with DHT, we evaluated the effects of DHT supplements on CYP4A2 Ϫ/Ϫ female rats compared with wild-type SS.5 Bn female rats. As shown in Table 4 , plasma DHT was similar in control SS.5
Bn and CYP4A2 Ϫ/Ϫ female rats and was increased with DHT supplements by approximately threefold in female rats of both strains compared with control rats. Plasma estradiol was slightly higher in control SS.5
Bn rats than control CYP4A2 Ϫ/Ϫ rats and was reduced to similar levels in rats of both strains with DHT supplements. Body weight was similar in control SS.5
Bn and control CYP4A2 Ϫ/Ϫ female rats, and DHT supplements increased body weights in SS.5
Bn and CYP4A2 Ϫ/Ϫ female rats by 30% and 50%, respectively. As shown in Fig. 4, control CYP4A2 Ϫ/Ϫ female rats maintained on a low-salt diet had significantly higher MAP compared with SS. female rats by 20% but had no effect on MAP in CYP4A2 Ϫ/Ϫ female rats. As shown in Table 5 , cerebral and renal microvascular endogenous 20-HETE was lower in untreated control CYP4A2 Ϫ/Ϫ than SS.5 Bn female rats (P Ͻ 0.05). DHT supplements increased endogenous 20-HETE in cerebral microvessels of SS.5
Bn female rats by almost fourfold and by twofold in CYP4A2 Ϫ/Ϫ female rats (P Ͻ 0.01, CYP4A2 Ϫ/Ϫ vs. SS.5
Bn rats). DHT supplements increased renal microvascular 20-HETE by sevenfold in SS.5
Bn female rats but had no effect in CYP4A2 Ϫ/Ϫ female rats. Cerebral microvascular -hydroxylase activity was slightly higher in SS.5
Bn female rats (P Ͻ 0.05 vs. CYP4A2 Ϫ/Ϫ female rats) and was not affected by DHT supplements, whereas cerebral -hydroxylase activity was increased with DHT in CYP4A2 Ϫ/Ϫ female rats. Renal microvascular -hydroxylase activity was 40% lower in CYP4A2 Ϫ/Ϫ than control SS.5 Bn female rats (P Ͻ 0.05). DHT supplements reduced -hydroxylase activity by ϳ50% in SS.5
Bn female rats but increased activity by approximately threefold in CYP4A2 Ϫ/Ϫ female rats (P Ͻ 0.01 vs. SS.5
Bn female rats).
DISCUSSION
In the present study, we followed up on our previous observations that chronic DHT increased MAP in SD female rats to evaluate the role of 20-HETE as a potential mechanism responsible for the DHT-mediated increase in BP. In this study, we found that 1) DHT increased renal microvascular mRNA expression of CYP4A2 and CYP4A3 and reduced CYP4A8 in SD female rats, and these data are supported by the increases in endogenous renal microvascular 20-HETE in DHT-treated SD female rats; 2) despite a similar significant increase in body weight with DHT in Dahl SS and Dahl SR female rats, DHT did not increase MAP in 20-HETE-deficient Dahl SS female rats, whereas DHT did increase MAP in Dahl SR female rats, suggesting that an intact 20-HETE system capable of upregulation contributes to the elevated BP with DHT in female rats; and 3) despite a greater increase in body weight and increases in endogenous renal 20-HETE levels (albeit modest compared with SS.5 Bn female rats) with DHT supplements, lack of CYP4A2 -hydroxylase prevented the DHT-mediated pressor response in CYP4A2 Ϫ/Ϫ female rats. Taken together, these data suggest that not only does 20-HETE contribute to the DHT-mediated elevated BP in female rats but that the CYP4A2 isoform may at least in part be responsible for the increase in BP. In support of our findings for a role for CYP4A2 in the DHT-mediated increases in BP in female rats, Schwartzman and colleagues (27) showed that lentiviral vectors that increase intrarenal CYP4A2 expression in male rats caused an increase in their BP. Holla and colleagues (9) made similar observations regarding CYP4A isoforms.
Our data show that CYP4A2 and CYP4A3 isoform mRNA was increased and that CYP4A8 isoform mRNA was reduced in the renal microvasculature of DHT-treated SD female rats. These data were somewhat surprising since Schwartzman and colleagues reported that androgens cause an upregulation of renal vascular CYP4A8 in male rats (25) (26) (27) 32) . One caveat is that the androgen levels produced by testosterone supplements in male rats in the Schwartzman et al. studies were significantly higher than in the female rats in our study. However, taken together, these data are exciting, because they suggest that different isoforms of CYP4A are androgen sensitive in male and female rats and yet contribute to an androgen-mediated increase in BP in both sexes.
The role of 20-HETE to modulate BP is well known (20, 21) , and 20-HETE has differential effects on the kidney depending on the location of synthesis. In the renal microvasculature, 20-HETE is prohypertensive, acting as a vasoconstrictor, whereas in the renal tubules, 20-HETE attenuates Na ϩ reabsorption and thus is antihypertensive. Since we found that there was no increase in endogenous renal microsomal 20-HETE with DHT in SD female rats, the data suggest that it was the increase in renal microvascular 20-HETE with DHT that affected their BP. Simiarly, the increase in MAP in SS.5
Bn female rats was also accompanied with a sevenfold increase in endogenous 20-HETE in the renal microvessels, whereas there was no increase in renal microvascular endogenous 20-HETE or MAP with DHT in CYP4A2 Ϫ/Ϫ female rats, also suggesting that the increase in endogenous 20-HETE mediated via CYP4A2 played a role in the increased BP in SS.5
Bn female rats.
However, the differences in -hydroxylase activity in response to DHT in SS.5Bn and CYP4A2
Ϫ/Ϫ female rats are not clear. In SD female rats, the increase in endogenous 20-HETE was accompanied by an increase in -hydroxylase activity (Table 2) . However, the significant increase in renal microvascular endogenous 20-HETE in SS.5
Bn female rats was accompanied by a reduction in -hydroxylase activity (Table 5 ). It is possible that this could be a compensatory negative feedback effect since endogenous 20-HETE levels in SS.5
Bn female rats increased by sevenfold. However, the reason why -hydroxylase activity increased significantly in the renal microvasculature of CYP4A2 Ϫ/Ϫ female rats with DHT is not clear since there was no effect of DHT on endogenous 20-HETE levels or on MAP. Perhaps the increased -hydroxylase activity reflected a compensatory increase in the synthesis of other CYP4A isoforms; however, since there was no pressor effect in response to DHT in CYP4A2 Ϫ/Ϫ female rats, it remains unclear as to the physiological relevance of the DHT-mediated increase in -hydroxylase activity.
Although we performed these experiments separately comparing control and DHT supplements in SD female rats, control and DHT supplements in Dahl SR versus Dahl SS female rats, and control and DHT supplements in SS.5
Bn and CYP4A2
Ϫ/Ϫ female rats, and thus cannot statistically compare the data among the strains, it was surprising that DHT levels increased to much higher levels with DHT supplements in Dahl SS and Dahl SR rats than in the other strains, despite similar DHT treatment, similar DHT-mediated increases in body weight, and similar estradiol levels among all strains. It was also surprising to us that there was such a significant difference in MAP between control Dahl SS and Dahl SR female rats at 16 wk of age. We used Dahl SS female rats in a study (22) published in 2011 and found that MAP, also measured by telemetry, was ϳ110 Ϯ 2 mmHg at 10 -11 wk of age when rats were maintained on a low-salt diet (0.3%) that was free of phytoestrogens. In this previous study (22) , when Dahl SS female rats were given a 4% salt diet at 12 wk of age, their MAP increased to ϳ125 Ϯ 4 mmHg. In the present study, control Dahl SS female rats were maintained on a similar low-salt diet that was not phytoestrogen free (this would in fact tend to reduce BP), and MAP was ϳ155 Ϯ 4 mmHg (Fig. 3) . We have not previously measured telemetry BP in Dahl SR females, but we used 6 -8 rats/group and the SEs in the measurements were Յ1-2 mmHg. In support of our data, Gillis and colleagues (8) also measured telemetry BP in Dahl SS female rats and found similar BPs as we did in the present study. In addition, in control CYP4A2 Ϫ/Ϫ female rats, which are on a Dahl SS background and in which only one CYP4A isoform was missing, MAP (120 Ϯ 3 mmHg) was intermediate between control SS.5
Bn (with intact CYP4A isoforms) and Dahl SS (with deficient CYP4A isoforms) strains, as might be expected.
One caveat for our study is that it is possible that in Dahl SS and CYP4A2 Ϫ/Ϫ female rats, endogenous CYP4A -hydroxylase and 20-HETE levels may be lower in renal tubules than in controls, leading to significant increases in tubular Na ϩ reabsorption and higher BP. In the presence of reduced 20-HETE in the tubules of control Dalh SS and CYP4A2 Ϫ/Ϫ female rats, it is possible then that an increase in renal microvascular 20-HETE mediated by DHT would not be able to overcome this reduction in tubular 20-HETE, thus preventing a further increase in BP in these strains compared with controls. Furthermore, since reductions in nitric oxide are also a feature of hypertension in Dahl SS rats (1), it is also possible that DHT-mediated increases in renal microvascular 20-HETE in Dahl SS rats were not capable of overcoming the reduced nitric oxide to increase BP. Furthermore, since we did not measure the mRNA expression of other CYP4A isoforms in DHTtreated CYP4A2 Ϫ/Ϫ rats, it is possible that DHT-mediated upregulation of other CYP4A isoforms in the tubules of CYP4A2 Ϫ/Ϫ rats could have contributed to the lack of a pressor response to DHT.
Another caveat for the present study is the lack of an effect on endogenous 20-HETE by DHT in the cerebral microvessels of SD female rats, whereas the levels of -hydroxylase were significantly reduced. -Hydroxylase activity is the capacity of the tissue to produce 20-HETE when nonrate-limiting levels of arachidonic acid are present. Endogenous 20-HETE is the level that is present in the tissue with no added substrate or cofactors. The fact that DHT had no effect on endogenous 20-HETE levels in the cerebral vessels suggests that DHT did not increase either substrate or enzyme levels to increase synthesis of 20-HETE in SD rats. Since -hydroxylase activity was reduced with DHT in cerebral vessels, the data suggest that DHT may actually reduce enzyme synthesis. We have not followed up on this possibility.
Whether 20-HETE is elevated in the renal microvasculature of women with elevated circulating androgens is unknown. 20-HETE has been shown to be associated with increases in cardiovascular disease, renal disease, and endothelial dysfunction in humans. Schuck and colleagues (23) reported that 20-HETE caused reduced flow-mediated dilation, but the data were not analyzed for men and women separately. Similarly, Dreisbach and colleagues (4) reported that 20-HETE was elevated in urine from African-American men and women who had chronic kidney disease, but, again, the data were not analyzed separately by sex. Thus, future studies will need to be performed to determine if androgens increase 20-HETE in men and/or women with PCOS or postmenopausal hypertension. More importantly, in future studies, clinical investigators need to make certain that their data are analyzed separately for men and women to fully understand the effect of sex on their data.
Perspectives
Young women with hyperandrogenemia such as PCOS that have modest elevations in BP are typically not treated since the BP levels do not meet the recommendations prescribed in Joint National Committee Guidelines (12) . However, women who have elevated androgens may be protected from early cardiovascular disease risk and the development of essential hypertension associated with aging using modest BP-lowering therapies early on. Furthermore, if androgens increase 20-HETE synthesis in the kidneys of women, they may benefit from 20-HETE synthesis antagonists. Studies will be necessary to evaluate how androgens affect 20-HETE synthesis in women and where, in the human female kidney, androgen-mediated 20-HETE synthesis occurs. Furthermore, in postmenopausal women who receive androgens to improve their libido, care should be taken to monitor their BP carefully to evaluate and treat any increases. 
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